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This invention relates to the polymerization of 
unsaturated organic compounds in aqueous émul 
sion and particularly to a method of treating the 
inside surfaces of ferrometallic vessels whereby 
such vessels may advantageously be employed as 
chambers for conducting such polymerizations. 

It is known that the vessel in which polymer 
izations in aqueous emulsion are conducted may 
profoundly affect the course of the polymeriza 
tion and the type of polymer obtained. When it 
is attempted to carry out polymerizations in ves 
sels made of a ferronetallic material such as iron 
or steel, the polymerization reaction is strongly 
inhibited by these materials, and in many cases 
the polymerization fails to take place. Other ma 
terials from which polymerizers might be con 
structed are not altogether suitable because a 
deposit of polymer forms on the walls of the ves 
sel thereby reducing the heat conductivity of the 
vessel and the yield of the desired type of product. 
These and other difficulties as well as the cor 
rosion problems accompanying polymerizations in 
aqueous emulsion have made the selection of ma 
terials of construction for polymerizers very dif 
ficult. Despite its fragility, poor heat conductivity 
and expensiveness as compared to certain metals, 
glass has been the material ordinarily selected 
for this purpose. . 
We have now discovered that vessels constructed 

of a ferrometallic material such as iron, steel or 
a ferrous alloy may be rendered suitable for use 
as vessels for conducting polymerization in aque 
ous emulsion by treating the inside surfaces of 
such vessels with a phosphorus compound capable 
"of reacting with metalic iron at the surface to 
produce an insoluble coating of an iron phosphate. 
Ferrometaic vessels whose surfaces in contact 
with the emulsion during the polymerization have 
been treated to change then from metalic iron 
to phospates of iron no longer exert an inhibiting 
effect on polymerization and in some cases ac 
tually exert a catalytic action. Accordingly, this 
invention comprises polymerizing an unsaturated 
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organic compound in aqueous emulsion in a ferro 
metallic vessel in which the surfaces in contact 
with the emulsion during the polymerization have 
been treated to convert them from metallic iron 
to phosphates of iron. p 
The treatment of the inside surface of the poly 

merizer to convert the metallic iron at the sur 
face into phosphates of iron may be carried out 
by any one of a number of known methods. Thus 
the metallic surface may be treated with either 
a dilute or concentrated aqueous solution of a 
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acid or with a solution of an alkali salt of a 
phosphoric acid, or with a solution containing a 
phosphoric acid and one or more metallic phos 
phates. An aqueous solution containing phos 
phoric acid, and one or more metallic phosphates 
such as the ortho- or pyro-phosphates of iron, 
manganese, copper, chronium or zinc is particu 
larly effective in rapidly producing a coating of 
metalic phosphates on the netallic surface. A 
solution containing phosphoric acid and an iron 
phosphate produces a coating which is especially 
advantageous for the inside Surfaces of polymer 
izers. Alternately, the phosphate coating Saay be 
applied by treating the ?inetiatic Surface with a 
phosphorus compound dissolved in an Organic 
liquid such as a solution of phosphoric acid in a 
volatile oil or a solution of phosphorus oxychlo 
ride in pyridine. In the latter case it is believed 
that the phosphorus Oxychloride and pyridine 
combine with the retaic iron at the surface to 
form a coating of an insoluble phosphate-pyri 
dine-pyro-phosphate-iron complex. 
Treatient of the inside surface of the ferro 

metallic polymerizer anay be carried out by falling 
the polymerizer with the desired treating solution 
at an elevated temperature, preferably at the boil 
ing point of the solution, and allowing the solu 
tion to remain in contact with the metallic sur 
face for the time required to produce the phos 
phate coating, which time will depend upon the 
nature of the particular Solution employed. 
Spraying of the phosphating solution onto the 
inside surface is also effective in producing the 
desired phosphate coating. It is, of course, de 
sirable to clean the metallic surface thoroughly 
before treatment to remove any rust and to rinse 
and dry the coated surface after treatment and 
before polymerization. 

in an experiment designed to determine the 
effect of a ferrometalic material having a surface 
coating of an insoluble iron phosphate on emul 
sion polymerization, a black cast iron strip was 
immersed in an aqueous solution containing 5% 
of ortho-phosphoric acid, HaPO4, and 0.1% of 
ferric pyro-phosphate at 100° C. After 48 hours 
the strip was removed, washed with water, with 
a hot soap solution and finally with a 0.5% aque 
ous solution of sodium pyro-phosphate. The 
treated iron strip was then placed in a glass vessel 
together with an aqueous emulsion containing 
butadiene and acrylonitrile and the aqueous 
emulsion was polymerized. The polymerization 
proceeded in a normal manner and was complete 
after 64 hours at 30 C. Successive polymer 

phosphoric acid such as ortho- or pyro-phosphoric 55 i2ations were then carried out in the presence 



same iron strip, all of which proceeded 
manner. After four polymeriza 

the iron strip was still in good condition 
and only a very small amount of polymer had 
deposited on the strip. The lattices formed by 
the polymerizations were coagulated to form high 
quality synthetic rubbers which, when vulcanized, 
had tensile strengths of 4000-5000 lb./sq. in. 
When the experiment was repeated employing 

a similar black iron strip which was not treated 
with the phosphating solution, the polymeriza 
tion was completely inhibited, there being no poly 
ner formed after five days at 30° C. Although 
the iron strip did not rust nor corrode appreci 
ably, the polymerization having been conducted 
in an alkaline emulsion, it was impossible to carry 
out the polymerization in the presence of this 
metallic strip. , a 
Other experiments in which similar iron strips 

were treated with various phosphating solutions 
and then tested in emulsion polymerizations show 
that no harmful effect on the polymerization is 
brought about by ferro-metallic materials which 
have had their metallic surface converted into an 
iron phosphate surface. In one experiment in 
which an iron strip. was, treated with a pyridine 
solution containing 1% of phosphorus oxychlo 
ride for 48 hours at room temperature before be 
ing tested in an emulsion polymerization of buta 
diene and acrylonitrile, the polymerization actu 
ally proceeded at a faster rate than did a similar 
polymerization carried out in the absence of such 
a treated iron strip. Thus it is seen that by the 
practice of this invention a ferrometallic surface 
which strongly inhibits polymerization may be. 
converted into a surface which catalyzes poly 
merization. . . . . . . 

Ferrometallic vessels whose inside surfaces have 
been treated so as to change them from metallic . 

, iron to insoluble phosphates of iron may be used 
as chambers for conducting any emulsion poly 
merization regardless of the nature of the com 
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more unsaturated organic compounds such as 
vinyl chloride and vinyl acetate, butadiene and 
acrylonitrile, butadiene and methyl methacrylate, 
butadiene and styrene, etc., may be polymerized 
in aqueous emulsion in such vessels. The enlil 
sion may be either alkaline, acid or neutral de 
pending upon the emulsifying agent employed in 
forming the emulsion. If it is desired to affect 
the polymerization in acid medium salts of hy 
molal bases such as diethylaminoethyloleylamide, 
cetyl trimethylammonium sulfate and the like 
may be employed as emulsifying agents while 
fatty acid soaps such as sodium oleate, sodium 
stearate, sodium myristate or the like may be 
employed to form alkaline emulsions and hymolal 
sulfates and sulfonates such as sodium lauryl sul 
fate and sodium isopropylnaphthalene sulfonate 
may be employed to form emulsions in a pH range 
from Over ten to three or less. 
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3) 

Other materials such as polymerization initi 
ators, catalysts, activators, modifiers or the like 
which have elsewhere been described as being 
useful in emulsion polymerizations may also be 
present in the emulsion polymerized in the ves 
sels described herein. 

It is to be understood that many other varia 
tions and modifications in the nature of the emul 
sion polymerized and in the method of converting 
the inside ferrometallic surface of the polymeriz 
er to a surface of insoluble phosphates of iron 
will occur to those skilled in the art and may be 
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pound polymerized and of the other components 
which may be present in the emulsion. Thus, 
many unsaturated organic compounds including 
vinyl halides such as vinyl chloride, vinyl esters 
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such as vinyl acetate, acrylic esters such as meth 
yl methacrylate, olefins such as isobutylene, sty 
rene and vinyl naphthalene, conjugated dienes 
such as butadiene, isoprene, 2,3-dimethyl buta 
diene and chloroprene and mixtures of two or 
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effected without departing from the spirit and 
scope of the appended claims. 
We claim: 
1. The method which comprises polymerizing 

butadiene in aqueous emulsion in a ferrometallic 
vessel having a coating of insoluble iron phos 
phates on its inside surfaces contacting the emul 
son during the polymerization. 

2. The method which comprises copolymerizing 
butadiene and acrylonitrile in aqueous emulsion 
in a ferrometallic vessel having a coating of in 
soluble iron phosphates on its inside surfaces con 
tacting the emulsion during the polymerization. 

3. The method which comprises copolymerizing 
butadiene and styrene in aqueous emulsion in a 
ferrometallic vessel having a coating of insoluble 
iron phosphates on its inside surfaces contacting 
the emulsion during the polymerization. 
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